ABSTRACT The pivotal objective of chronic obstructive pulmonary disease (COPD) self-management programmes is behaviour change to avoid moderate and severe exacerbations and improve health related quality of life.
Introduction
A patient-centred approach to the care of patients with chronic conditions, such as chronic obstructive pulmonary disease (COPD), is long overdue. This approach emphasises patient counselling and self-management as key components of successful disease management [1] [2] [3] . However, current care practices for COPD are mainly reactive to acute exacerbations of COPD. Instead, care should be proactive, coordinated and supportive; patients should be encouraged to acquire and apply self-management skills on a daily basis [3] . Often, providing self-management education is equated with conveying information about the disease, despite strong evidence that this traditional approach is insufficient [4, 5] . The key objective of self-management interventions is to change behaviour [6] [7] [8] .
The Canadian disease management programme, "Living well with COPD" (LWWCOPD) (www. livingwellwithcopd.com), was probably the first COPD self-management programme based on a leading model of chronic disease management, known as the Chronic Care Model [1] . Recently, BENZO et al. [9] tested a health coaching intervention aimed at empowering patients and changing behaviour after a severe exacerbation that required hospital admission. This intervention reduced rehospitalisation due to acute exacerbation of COPD for 1, 3 and 6 months, and improved health-related quality of life (HRQoL).
It is particularly important to develop strategies to reduce the burden of COPD in the early phase; i.e. early diagnosis [10] and collaborative management [11] in primary care. Most previous randomised trials were either hospital-based or enrolled patients with diverse degrees of severity, and considered a wide range of approaches. To our knowledge, only one previous comparative study specifically evaluated the LWWCOPD intervention with patients in primary care [12] . Therefore, the present study aimed to assess the effect of the LWWCOPD intervention on behavioural changes and disease-specific HRQoL in patients receiving primary care for COPD, compared to a control group of patients with COPD from a Dutch and Swiss primary care cohort (International collaborative effort on chronic obstructive lung disease-exacerbation risk index cohorts; ICE COLD ERIC).
Methods

Study design
This prospectively planned, non-randomised controlled study included patients with COPD from the mediX Zurich (Switzerland) primary care network that had participated in the LWWCOPD self-management programme from 2010 to 2012. The control group comprised patients with COPD who participated in the international ICE COLD ERIC cohort study, and who did not participate in the LWWCOPD programme (www.ClinicalTrials.gov NCT00706602) [13] .
Participants
Inclusion criteria for both the mediX and ICE COLD ERIC cohorts were as follows: age ⩾40 years; a smoking habit (current or past) ⩾10 pack-years; a confirmed diagnosis of COPD; and a ratio of forced expiratory volume in 1 s to forced vital capacity (FEV1/FVC) ⩽0.70, with less than 12% and less than 200 mL increases in FEV1, post dilatation, according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) and GOLD II-IV classifications [14] . All participants were required to speak German, either as a native or "daily" language, and be able to attend training sessions for 6 weeks.
Patients with major psychiatric or terminal diseases were excluded. Of 148 eligible patients, 66 (45%) were referred by general practitioners (GPs) from the network, and five were referred by the Zurich Lung Association. No information was available about the total number of patients invited and assessed by the Zurich Lung Association. Information on enrolment and exclusion was available for 35 of the 66 (53%) patients referred by GPs. Of those 35 patients, two (6%) were unwilling to participate, and two (6%) had agendas that were incompatible with the programme. All referred patients had confirmed COPD; however, two showed features of a possible overlap of asthma and COPD, with a history of hay fever and childhood asthma.
The ICE COLD ERIC study was previously approved by all local ethics committees (Zürich EK-1519, St Gallen 08/065/1B, MEC 08/073 # 08.17.0407). Additional approval for the present study was not required by the ethics committee (Zürich EK 50-2015).
Intervention
Patients in the mediX Zurich group received the LWWCOPD intervention [15] adapted for Swiss primary care [16] . Before implementation into primary care, starting in 2008, the LWWCOPD programme was conducted in the outpatient clinic of the University Hospital in Zurich. The experiences and learning needs identified for the improvement of COPD care, gained from secondary and tertiary care organisations, were considered in the plan for implementation of LWWCOPD into primary care. We followed the Plan, Do, Study, Act cycle [17] .
The primary care LWWCOPD programme included three main dimensions: knowledge, skills and the confidence and motivation to use the skills. Emphasis was placed on the correct reactions to patient health deterioration, based on a written action plan. Therefore, an action plan was included as part of a personal diary. Patients were instructed to record the date and types of symptoms that worsened, and the action taken by the patient, according to the action plan. The action plan instructed patients to increase inhalation therapy, start systemic steroids and or antibiotics, contact the care team, seek clinical care and when necessary, seek hospital admission. We also emphasised the importance of regular physical activity, and strength, endurance and breathing exercises in the action plan. Participants were provided with the German version of the LWWCOPD book, which summarised the contents of the programme. The entire programme consisted of six group modules, including: 1) what is COPD; 2) pharmacological treatment and correct inhalation techniques; 3) breathing techniques and coping strategies aimed at symptom control; 4) how to manage daily activities/energy conservation; 5) the health benefits of physical activity and how to determine barriers and enablers of regular physical activity; and 6) what is an exacerbation and how to prevent, recognise and adequately manage worsening symptoms. Special attention was focused on "red flag" symptoms, like chest pain and/or acute severe dyspnoea. These were described as possible warning signs for acute heart problems or pulmonary embolism, and their occurrence required immediate contact with a doctor or hospital.
Patient beliefs and expectations were commented on, in an atmosphere of emphasised listening and concern, and personal experiences were discussed in a group setting. The aim was to instil confidence, enhance inner motivation to adopt healthy lifestyle behaviours, and empower patients to improve COPD self-management on a day-to-day basis. Programme adherence was assessed as the percentage of patients who participated in the assigned number of programme modules (maximum of six modules). After patient assessment and goal setting, modules were selected in consultation with the patient.
In addition to group sessions, each patient received two to three individual one-on-one coaching sessions to assess individual needs, goals, barriers and personal views and emotions that might affect their ability to cope and live with the disease. Strong emphasis was placed on the ability to use the personal written action plan correctly and safely. Confidence was supported by role-playing in various situations. Patients were invited to phone the care team when they had questions or concerns about starting emergency medications.
Two health professionals in the mediX group practice, a pulmonologist and a respiratory physiotherapist, conducted the entire programme. Both were trained and experienced in effective self-management support, motivational communication and interviewing. The respiratory physiotherapist was present at all modules to provide continuity and a connection between the patients and the care team. Feedback and collaboration with the treating physician was part of the programme. In addition, regular proactive follow-up calls were performed by a trained practice assistant at 3, 6, 12, 18 and 24 months, during which patients responded to lists of monitoring questions developed in cooperation with McGill University, Canada [18] . In addition, patients were able to contact the care team if they experienced deterioration.
Routine care comprised drug-and non-drug treatments for COPD, as indicated, to relieve symptoms and prevent exacerbations. We did not intervene in any way with treatment decisions from primary care physicians, or with patients in the ICE COLD ERIC cohort. Most patients were taking at least one long-acting bronchodilator, with or without an inhaled corticosteroid; about one third of the patients followed an exercise programme at home, or at a fitness or rehabilitation centre; and less than 2% of the patients followed a pulmonary rehabilitation programme in the year prior to enrolment [19] .
Primary and secondary outcomes
The primary outcome was the HRQoL, measured with the Chronic Respiratory Questionnaire (CRQ) [20] . The minimal important difference (MID) was defined as a 0.5-change, on a seven point scale, in a CRQ domain score [21] . The secondary outcome was the rate of moderate to severe exacerbations over a maximum of 2 years [22] . Assessments of self-reported exacerbations were prone to inaccuracy; therefore, we followed a central event adjudication process for both groups, as described previously [23] . Additional secondary outcomes included the smoking cessation rate and self-efficacy (only in the LWWCOPD group), assessed with an adapted Self-Efficacy for Managing Chronic Disease Scale [24] .
Statistical analyses
To incorporate the longitudinal structure of the data, we used linear mixed models with random intercepts and random slopes to estimate between-group differences in the CRQ domains. To assess the total number of exacerbations that occurred over 2 years, we chose a zero-inflated negative binomial model to account for over-dispersion and the relatively high number of zeros in the data set. Smoking cessation was assessed among individuals that smoked at baseline; the logistic regression model was performed with an outcome variable of "continued smoking after 2 years".
Patients were not randomised in the present study. However, we performed a propensity score analysis. Thus, a logistic regression model was calculated for the outcome of "inclusion in the LWWCOPD programme". Based on model results, we calculated a propensity score (the predicted logarithmic probability of obtaining the treatment) for each person in the data set. Propensity scores were used to adjust all models to account for, as far as possible, the absence of randomisation. The logistic regression model included variables that influenced the propensity score, including sex, age, use of long-acting beta agonists (LABA) and/or inhaled corticosteroids (ICS), depression, FEV1, smoking at baseline, baseline CRQ dyspnoea score and a binary variable that indicated whether exacerbations had occurred within 12 months prior to starting the training programme. A separate propensity score was calculated for the models to analyse smoking cessation, due to the limited number of smokers at baseline.
The linear mixed models included the propensity score, the treatment variable ( participation in the LWWCOPD programme) and a variable indicating the time point of the respective measurement (i.e. visits 1-4). To analyse the number of exacerbations, we used a two-part model; the negative binomial part of the model included only the propensity score and the treatment group; and the logistic part of the model included a binary variable indicating whether previous exacerbations had occurred. The propensity score and the treatment variable were also included in the logistic regression models for smoking cessation. In addition, we performed a sensitivity analysis that was restricted to controls that experienced an exacerbation in the previous year, for all outcomes, except smoking cessation; in the latter case, the new control group was too small for sufficient statistical power.
Analyses were conducted with the statistical programming language, R version 3.2.4 [25] .
Results
Group characteristics
The study included 467 patients; 71 in the LWWCOPD self-management group and 396 in the ICE COLD ERIC routine care control group. At baseline, the LWWCOPD group showed a higher number of previous exacerbations, more severe airflow obstructions, and more frequent LABA/ICS treatments, but similar baseline HRQoL compared to the control group (table 1) .
Effects on the primary outcome, HRQoL
Compared to the control group, the LWWCOPD group showed significant, clinically relevant (MID >0.5) treatment effects for all CRQ subscale scores, over the course of 1 year (table 2) . The sensitivity analysis of Adherence to the LWWCOPD programme Every patient in the LWWCOPD group was expected to participate in six modules. However, it was possible to join only those modules that were considered essential, after patients were assessed and individual goals were set. All but six patients (92%) were offered all six modules, and 59 participated in all assigned modules, which indicated high adherence (90%).
Effect on self-efficacy for intended health behaviour Significant increases from baseline to 2 years were observed in patient confidence in recognising deterioration at an early stage ( p<0.001), performing the correct inhalation technique ( p<0.001), and confidence in the timely and correct use of the action plan (table 3) . The confidence in managing to be physically active for 30 min twice per week showed the largest variability of all measurements at baseline. It increased over the first 6 months of the intervention ( p<0.001), then started to decrease, and then increased again after 1 year, and returned to baseline after 2 years.
10 patients actively asked for a prescription and started a pulmonary rehabilitation programme. Seven patients purchased step counters; five started physical activity in fitness centres; five purchased home-trainers; one bought an e-bike; and one started power plate training.
During the study period, six patients in the intervention group (8.4%) and 38 patients in the control group (9.6%) died.
Discussion
This study showed that the LWWCOPD intervention in a primary care setting improved HRQoL to a clinically relevant extent and reduced COPD exacerbations.
The intervention mainly comprised motivational and cognitive behavioural components, which emphasised self-efficacy and the tools to become a "successful self-manager". Some factors were critical to success. First, the care team, based on the primary care setting, comprised a respiratory physiotherapist, pulmonologist and trained practice assistants. This team structure carried the advantages of care continuity, familiarity and communication compared to external specialised settings. Another key element to success was regular contact, which empowered patients and promoted safety. The practice assistants received safety training as part of the patient coaching training. Our results also demonstrated the effectiveness of adequate self-management on health outcomes [26] arising from improved self-efficacy, mastery and integration of self-management skills on a day-to-day basis [4, 7] . Patients in the LWWCOPD group gained confidence in recognising early signs of deterioration and using the action plan in a timely fashion, which improved exacerbation outcomes, consistent with previous studies [27] [28] [29] . However, confidence in the timely use of the action plan declined in later stages, which emphasised the need for regular follow-up and proactive care.
The confidence in being physically active increased during the first 6 months of the intervention. Indeed, physical activity increased in 57% of the intervention group. This window of opportunity, when patients were highly motivated to increase their physical activity levels, represented the optimal time to support them in finding and starting their preferred field of physical activity, encourage them to attend an outpatient pulmonary rehabilitation programme and motivate them to continue those activities. BENZO et al. [9] also reported that pulmonary rehabilitation attendance was higher (>17%) in a coached group than in a control group. Those results suggested that pulmonary rehabilitation practices might benefit from switching the primary emphasis from physical training and some education to self-management coaching as initial point.
We found that in a "real-world" primary care setting, patients showed improvements that were comparable to, or better than, those reported in systematic reviews [30] [31] [32] and in a recent Cochrane review on COPD self-management interventions with an exacerbation action plan [33] . An earlier comparative study on the LWWCOPD intervention in a primary care setting [12] could not confirm the effect reported in the original Canadian trial [15] . Potential explanations for that discrepancy could be the lower programme intensity and lack of group coaching. In contrast, we emphasised patient motivation and self-efficacy, with role modelling and interactions in group sessions.
BENZO et al. [9] found that health coaching improved emotional function, based on a somewhat unusual CRQ domain of mastery and emotional function. This improvement was considered a potentially "ground-breaking finding", owing to the knowledge gap that exists regarding COPD interventions that improve emotions. Improved emotional function, combined with increased self-efficacy in recognising and managing exacerbations, might account for our results on unscheduled visits and hospitalisations.
Although we did not perform one, a former cost-utility analysis showed that the LWWCOPD intervention saved costs [34] . Considering that our intervention significantly reduced the risk of exacerbations, we could expect economic benefits, due to the reductions in patient caseloads and hospitalisations.
The main strengths of this study were its prospectively planned controlled design in a primary care setting and the coordinated data collection between the mediX and ICE COLD ERIC cohorts, which allowed controls for the confounders. Another strength was that we accurately described the concept and components of the intervention. Moreover, our 2-year follow-up was sufficiently long to demonstrate the effects of LWWCOPD on the exacerbation rate, an important complication, prognostic factor and cost driver in COPD.
The main limitation of this study was the non-randomised design. Based on the available evidence and internal and external validity issues, we carefully weighed the advantages of a randomised controlled trial compared to a prospectively planned comparative study. We decided that the latter design was better suited for bridging an important gap in the evidence base. Indeed, based on existing evidence [33] , another randomised trial demonstrated that intervention efficacy would not have provided any crucial information (and might not have been justified). Instead, we aimed to assess whether an intervention based on proven self-management methods was feasible and effective in a real-world primary care COPD population. This approach was only possible by enrolling consecutive patients that followed a self-management programme. In contrast, a randomised controlled trial would exclude a substantial proportion of patients, owing to a failure to obtain consent for a random assignment to intervention or control treatment (a common challenge in non-pharmacological interventions), or due to restrictive eligibility criteria. In addition to maximising external validity, we ensured internal validity with a prospective study plan, combined with sensitivity analysis that was restricted to control patients with previous exacerbations.
Future head-to-head randomised controlled trials with well-described self-management interventions that aim to change behaviour should determine the degrees of behavioural changes effected ( particularly in the long-term) by different approaches. In addition, long-term follow-up studies might identify patient characteristics that indicate the ability to adopt adequate self-management skills into daily life and those that indicate a need for ongoing professional support.
Conclusion and implications
This study showed that the LWWCOPD intervention in primary care effectively improved disease coping skills and HRQoL and reduced the risk of exacerbations in patients with COPD. Our results might not be generalisable to all primary care practices; however, they might motivate transformation and pave the way for better support and training of primary care teams. This strategy will contribute to delivering high quality COPD care and effective chronic disease management.
